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Overview

The history of fume hoods can be traced back to the days when Thomas Edison
used his fireplace chimney to exhaust fumes from his laboraiory. Fume hoods are
ventilated, enclosed workspaces designed to capture, contain, and exhaust fumes, vapors
and matter generated within. They control chemica fumes and agrosols  within
pharmaceutica, hospital, educationa, and industrid laboratories, protecting the research
and qudity control technicians that work with chemica hazards.

In addition to being one of the mogt vitd safety components in laboraories, fume
hoods have a reputation for being among the most expensve. Typicd hoods exhaust
1000 to 1500 cfm and mogt are run continuoudy. In terms of dollars, their operation can
cost $4 to $5 per cfm per year. These cost are due to the expense of conditioning supply
ar to the laboratory, which results in sgnificant energy usage. This has raised questions
and debates as to whether there is a way to save energy and 4ill mantan or improve
worker safety levels using the fume hood.

At this moment the Environmenta Technologies Divison of the LBNL is
working to answer that question. My mentors, Geoffrey Bell and Dde Sartor, dong with
others are involved in a history-making project: the desgn and condruction of a second-
generation prototype fume hood, the Low-Fow Fume Hood.

Severd questions of great importance face any designer of the fume hood. These
indude:

o Wha ae the various laws, regulations, standards, codes, and industry practices that
gpply to fume hoods, and what must be done to meet them?

o What testing procedures are necessary to prove containment within the hood?

o What changes areimminent in terms of industry standards for the hood?

o As far as the Environmenta, Hedth, and Safety people in individua laboratories and
ingdtitutions are concerned, how do we ensure that our hood will meet their sandards

in the years to come?

For the past ten weeks, | have had the opportunity to examine these questions and
look for possible solutions. The following pages detail the results of my research.



Guideinesfor Fume Hood Face Velocity and Testing Methods

Hood regulating authorities are hard to define. Quite smply, there are more standards,
methods, and recommendations then there are regulations and lawvs. The mgority of these
organizations, including ASHRAE have no binding on U.S. businesses.

Neverthdess, the following is a compiled a lis of the most widely accepted committees
in the fume hood indudtry. It is a brief synopss of each organization's purpose and/or
gods as wdl as the current and future standings that are commonly accepted in industry
today.

Accepted Standards Authoritiesin the Fume Hood | ndustry

ASHRAE. The Ameican Society of Hedting, Refrigaraing and  Air-conditioning
Engineers is an internationa organization that writes standards that sat uniform methods
of testing and rating equipment and establishes accepted practices for the HVAC&R
industry worldwide, such as the desgn of energy efficient buildings. The ASHRAE 110
test is the most widely accepted method for testing and evaluating fume hoods.

SEFA. The Scentific Equipment and Furniture Association is a voluntary nationd trade

association representing members of the laboratory furniture, casework, fume hood and

related equipment industry. SEFA’s recommended practices are designed to promote

better understanding between manufacturers and purchasers and to assst the purchaser in

sdecting and specifying the proper product to meet the user’s particular needs. SEFA 1.2
1996 supercedes SAMA LF10 1981.

OSHA. The Occupationd Safety and Hedth Adminidration is a regulaing body
dedicated to saving lives, preventing injuries and protecting the hedth of Americas
workers. To accomplish this federd and dtate governments must work in partnership
with the more then 100 million working men and women and their 9x and a hdf million
employers who are covered by the Occupationa Safety and Hedlth Act of 1970. OSHA
issues rules and regulations for many facets of indudry, including laboratory and fume
hood technology.

Cal/OSHA. Cdifornids verson of the Depatment of Labor's OSHA. CAd/OSHA has
juridiction over al aspects of workplaces not governed by the federa OSHA. The
mission of Cal/OSHA isto protect the hedlth and safety of Californials workers.

Nationd Research Council’s Prudent Practices in the Laboratory, Handling and
Disposal of Chemicals. This is a report that was initidly issued by the National Research
Council in the early 1980s. The purpose of this report is to provide safety and waste
management guidance to laboratory workers, managers, and policymakers.  Since that
time, severa updates have been issued, the latest being 1995.

Industrial Ventilation: A Manual of Recommended Practice. 23'¢ edition. This is a
manuad produced by the American Conference of Government Indugtrid Hygienists. The



book provides information on the desgn, mantenance, and evaduation of industrid
exhaud ventilation systems.

NFPA 45 (National Fire and Protection Agency). A document developed by the
Technicd Committee on Chemidry Laboratories, its purpose is to provide
recommendations and guidelines regarding chemicd  laboratories, hazards, and
protection. This compilation of sandards codes, and recommended practices are
deveoped through a consensus standards development process approved by the
American National Standards Indtitute.

Fume Hood Face Velocity Standards

Face Vdocity is a measure of the average veocity & which ar is drawn through
the face to the hood exhaust. It has been the cause of debates among standards
committees. No regulating body can seem to agree on a specific number. For the most
part, the accepted face velocity measure fals within 80 — 100 fpm. 60 or 50 fpm has
been accepted only in perfect |aboratory conditions.

ASHRAE-110

Current Standards

Although the ASHRAE 110 Method of Testing Performance of Laboratory Fume Hoods
does require face velocity in the testing methods, there is no specific number given for
face veocity.

Future Consderations

For the upcoming rewrite ASHRAE 110 will be consdering the continued use of face
veocity in the ASHRAE 110 test, snce sudies have shown that there is little or no
corrdation between face veocity and effective hood performance.  Consderation will
aso be given to turbulence and dynamic fume hood testing procedures. At this time, no
specifics are available on those issues as the committee in ill in the preliminary stages.

Cal-OSHA

Current Standard

Face velocities of 80 to 100 fpm are adequate if the overdl ingdlation can be rated as
good to excdlent. (Cdifornia Title 8- Paragraph 5154.1 requires 100 linear feet per
minute with a minimum 70 fpm a any point, except for hoods used with carcinogens,
which require 150 fpm and aminimum of 125 fpm)

Future Congderations
Ca-OSHA has two petitions before the committee with regard to the issue of face
velocity. These are asfollows.




Petition #377: On June 3, 1997, Richard Yadley of George Yardley
Company requested the Board amend Cdifornia Code of Regulations,
Title 8, Section 5154.1 of the Genera Industry Safety Orders, to change
the face veocities of a chemicd fume hood to 100 linear feet per minute
when an operator is present and to reduce the flow to 60 Ifm when the
hood is unattended.

The Board has consdered the petition. Recommendations from the
Divison and Board daff have dso been heard. The Petition has been
GRANTED to the extent that the Dividon is requested to develop
proposed revisons, if appropriate, to Section 5154.1 consgtent with the
Petitioner’s request. The proposa will be submitted for the Board's
consderation & a future Public Hearing.

Petition #395: On January 19, 1999, Mr. George Orff, Presdent of DMG
Corporation petitioned the Board to make recommended changes to Title
8, Cdifornia Code of Regulations (CCR), Section 5154.1 (c) of the
Generd Industry Safety Orders to replace the fume hood face veocity
requirements with a performance test requirement.

The Board has considered the petition aong with recommendations from
the Divison and Board Staff. The petition has been GRANTED to the
extent that the Division is requested to convene a representative advisory
committee to condder the Petitioner’s recommended revison to Section
5154.1 (c).

There is no specific timeframe for these proposds. It could take anywhere from a
year to severd years before these petitions are fully considered and decided upon.

OSHA
Current Standard
Hood face velocity should be adequate (typically 60 — 100 fpm)
According to Lillie Clark, who has served on the committee for years, thisisonly a
recommendation because it falls under Appendix A. Any and dl information concerning
laboratory fume hoods thet fall under Appendix A arerecommendations. The only
requirement isthat fume hoods operate properly.

Future Consderation
Clark intimated that there are no rewrites or changes planned in the near future.

Prudent Practices

Current Standard
The recommended face \docity is between 80 and 100 fpm. Face velocities between 100
and 120 fpm may be used for substances of very high toxicity or where outsde influences




adversdly affect hood performance. However, energy costs to operate the fume hood are
directly proportiond to the face velocity. Face veocities gpproaching or exceeding 150
fpm should not be used, because they may cause turbulence around the periphery of the
sash opening and actudly reduce the capture efficiency of the fume hood.

Future Consderations
As of now, there is no plan to produce a rewrite of the Prudent Practices document
anytime soon.

Indugrial Ventilation
Current Standard
There is no specifically recommended face velocity. Ingead this source dates, “The
interaction of supply ar didribution and hood face veocity makes any blanket
specification of hood face velocity ingppropriate.”

Future Consideration

The next rewrite for Industrid Ventilation is scheduled to take place in 2001. At this
time, there are no detalls on what the contents of this text concerning fume hood
technology will be.

It would be best to write a |etter to the Industrid Ventilation Committee to find out about
the status of the upcoming rewrite.

NFPA 45

Current Standard

Laboratory hood face velocities and exhaust volumes shdl be aufficient to contan
contaminants generated within the hood and exhaust them outsde of the laboratory
building. The hood shdl provide confinement of the possble hazards and protection for
personnd at al timeswhen chemicds are present in the hood. (Section 6-4.5)

The document further states

Laboratory fume hood containment can be evauated using the procedures
contained in the ASHRAE 110 Method of Testing Performance of
Laboratory Fume Hoods. Face veocities of 0.4 m/sec to 0.6 m/sec (80
fom to 120 fpm) generdly provide contanment if the hood location
requirements and laboratory ventilation criteria of this sandard are met.

According to committee member Ray Richards, the standard does not specificaly address
veoaity flow rates, but leaves that up to other standards/codes.

Future Consderations

The new NFPA 45 standard will be issued early in 2000. A new code cycle will not begin
until after that time, which is expected to be a 3 or 5-year cycle. A ROC (Report on



Comments) meseting is scheduled to take place in New Orleans on October 21-23, to
findize any proposal that have been processed. There is Hill time to send in proposas
for changein the standard.

At this time, no informaion concerning imminent changes in the standard is avallable,
gnce the committees work may originate from one individud or from within the NFPA
committee.

ANS/AIHA 295

Current Standard

“Each hood shdl maintan a velocity an average velocity of 80-120 fpm with no face
veocity measurement more than plus or minus 20% of the average.”

Future Consderations

For its upcoming rewrite due at the end of thisyear, ANSl z9.5 has the following
consderations:

= European Fume Hood Standards: A committee member consdered
looking into the posshility of implementing the sandards of the
German DIN and British Standards Ingtitute.  Although the committee
will consder it, it is highly unlikely that any part of these sandards
will be adopted.

= Face Véocity: Due to the arguments about the reliability of face
velocity as a measure of fume hood performance, the committee will
re-evauate thair sanding on face veocity.

= Ductless Fume Hoods

= Recommended work practicesfor fume hoods

SEFA 1.2- 1996

Current Standard
“Face velocities of laboratory fume hoods may be established on the basis of the toxicity
or hazard of the materials used or the operations conducted within the fume hood.”

Future Consderations




According to Joan Powers, Executive Director, the committee is currently working ona
rewrite for the coming year. The standards committee will meet in November. Powers
indicated that SEFA’s Laboratory Fume Hood Recommended Practices has not changed
greatly over the past 6-8 years. However, if there are drastic changes in the rewrite, the
document’ s number will gppear as SEFA 1.3-1999. Y ou can check for changes online

within the first Sx months of the coming year. Web Address:
http://www.sefal abfurn.com/sefa-1.htm

Also, according to Powers, “any recommendations published by SEFA apply to standard
fume hoods, not to the newer hoods on the market.”

Performance Testing Standar ds

Tedting is anecessary to ensure that fume hoods provide containment, which in
turn means that workers are protected. 1n accordance with the following information, the
most widely accepted method of testing Fume Hoods isthe ASHRAE Standard 110
Method of Testing Performance of Laboratory Fume Hoods.

ASHRAE-110

“Fume Hood Performance Criteria. ASHRAE Standard 110, Method of Testing
Performance of Laboratory Fume Hoods, describes a quantitative method of
determining the containment performance of afume hood. The method requiresthe
use of tracer gas and instrumentation to measure the amount of tracer gas that enters
the breathing zone of a manneguin, which stimulates the containment capability of
the fume hood as a researcher conducts operations in the hood.”

The ASHRAE-110 conggis of threetests: (1) face velocity, (2) flow visudization
test, and (3) tracer gastest.

ANS/AIHA Z95

Both initid and periodic performance tests are required. ASHRAE 110-1995 is
the recommended test for purchase specification and initid evauation, but other
equivdent teds are acceptable. Routine performance tests such as face veocity

measurements and smoke visudization are required at least annualy.

NFPA 45

This standard (Section 6-13.1) stipulates that fume hoods be inspected and tested
upon inddlaion and annualy theresfter. The tests performed should consgts of visud
ingoections of the hood's physicd condition, flow monitor, face velocity, verification of
invard arflov over the entire hood face, changes in work area conditions that might
affect hood performance, as well as low arflow and loss-of-arflow darms a each darm

location.
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Section A-6-4.5 states:

Laboratory fume hood contanment can be evduated usng the procedures
contained in the ASHRAE 110 Method of Testing Performance of Laboratory Fume
Hoods.

Table of Standards for Fume Hood Face Velocity and Performance
Testing

Oraanization Face Velocity Testina

ASHRAE ASHRAE 110
OSHA 60-100 fpm

SEFA

Cal-OSHA 100 fpm ASHRAE 110
Prudent 80-100 fpm ASHRAE 110
Practices

| ndustrial

Ventilation

NFPA 45 ‘80-120 fpm ASHRAE 110
ANSI ASHRAE 110

Fume Hood Testing Procedures

When we talk about fume hood performance testing, what we're looking for can
be summed up in one word: Containment. In the Smplest of terms, containment means
that the hood works. Hazardous materias are kept within the fume hood and not alowed
to lesk or spill out into the breathing zone of the user.
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Throughout the years, many methods have been employed to prove containment.
Today's most recommended method isthe ASHRAE-110 Method of Performance for
Laboratory Fume Hoods. Thisis an eaborate three-part test that involves face velocity
testing, flow visuaization, and atracer gastest. However, thistest is so expensve and
time-consuming that those who do useit only perform it on a one-time basis. In terms of
annua teting, the tradition has been to use Face Ve ocity.

Face Velocity

As previoudy dated, face velocity is a measure of the average velocity a which ar
is drawn through the face to the hood exhaust. This test involves forming a grid pattern
by equdly dividing the desgn hood opening into veticd and horizontad dimensons
Veocity readings are taken with a calibrated anemometer fixed a the center of the grid
spaces. An average of the readings b taken. If the hood meets a 100 fpm requirement, it
passes. Although quick and inexpensive, this method may not be safe.

| s Face Veocity the Right M easur ement?

o Statistics report that 30% - 50% of hoods leaking excessve levels of contaminants
pass the traditional face velocity tests®,

o In a recent sudy conducted performed by Dae Hitchings, 59% of the hoods passed
face veocity criteria Only 13% of those same hoods met tracer gas industry
standards'.

o Had the face velocity measurements aone been used to determine adequate
containment, 46% of the hoods would have passed based on face velocity?.

0 Inaseparate sudy, one investigator found that in a properly designed laboratory,
fume hoods with face velocities as low as 50 fpm provided protection factors 2,200
times greater than hoods with face velocities of 150 fpn'.

o Ancther study indicated that with the exception of one particular type of hood
operation, there was no difference in hood containment with face vel ocities between
59 and 138 fpn.

Obvioudy, face velocity is not an effective indication of good containment and fume
hood performance. As these satistics indicate, there have been cases when hood passed
the 100-fpm requirement and failed grosdly to protect the worker. Then too, there have
been cases where hoods operating far below the 100 fpm requirement have performed
better than those meeting the standard. In short, there is one conclusion:

Face Veocity Does Not Equal Fume Hood Performance.



One solution being offered by experts in the fidd is to couple the face veocity
test with ASHRAE 110. This would mean usng the ASHRAE protocol once, and use
face velocity on an annud bass.  The following is a discusson of the ASHRAE 110
protocoal.

The ASHRAE 110 Protocol

The most widdy accepted protocol in indusry today and the only nationdly
recognized quantitative evauation proposed by a U.S. organization, this three-part
evauation process condsts of aface velocity test, flow visuaization, and a tracer gas test.

1 2z 3

Face Flow

Tracer Gas
Velocity * Wisualization ’ Test

Theface velocity test proceeds as described above.

Flow Visualization is a two-fold process. It consdts of a locad or smal-scae smoke test
and alarge scale smoke test.

The tracer gas test is a more elaborate set-up. A quantitative method, it involves placing
a gas detector in a mannequin's mouth in front of the hood and injecting a tracer gas,
sulfur hexaflouride (SFe) into the hood. SFg is used for five specific reasons:

(2) It isnor-toxic.

(2) It isnon-flammeble.

(3) It isnot does not naturally occur in laboratories.
(4) It provides good dectron capture for testing.
(5) Itiseasly accessble.

The standard makes alowances for other gases to be used in lieu of SFs. However, no
specifics are given. The standard only states that the gas must be smilar to SFs.

ASHRAE 110 ISSUES

Contrary to popular beief, the ASHRAE method is not a cure for dl fume hood ills.
There are particular issues within this test that must be dedlt with. Consder the

following:

o Although this method is recognized as the standard for fume hoods, none of the
gandards are binding on U.S. businesses.

o The séandard does not specify what is acceptable. In fact the ASHRAE standard
states

This standard defines a reproducible method of testing laboratory fume hood. It
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does not define safe procedures.
The standard further states’

The procedure is a peformance tet method and does not congtitute a
performance specification. It is andogous to a method of chemicd andyss,
which prescribes how to analyze for a chemica, condtituent, not how much of that
subgtance should be present. Another andogy would be a method for measuring
arflow; it prescribes how the flow should be measured, not how much it should

be.

o The procedure is both time-consuming and expensive. It requires complicated
equipment such as mannequins, purpose built tracer gas gectors, and electron
capture insrumentation. To use this test on an annua basis would be overkill for
any organization. (Besdes, who's going to cary a mannequin around to test 100
fume hoods?)

Therefore, people rdy upon the face veocity and/or flow visudization as verificaion
that the hood works on an annual basis. The forward of the ASHRAE 110 test does state®

The flow visudization and face velocity tests can be conducted without the
tracer gas as a combination of quditaive veocity measurement and a
quaitative evauation of hood performance. This portion of the standard could
be usad in the tegting and baancing of new facilities and periodic tests of many
hoods & alarge facility.

o ASHRAE 110 does not closely approximate the conditions of human hood use.
The manikin remains static throughout the testing procedure.

o One fume hood developer intimated that his company’s laboratory found that the test
makes no allowances for manikin height. As the height of the manikin is dropped,
the test becomes more difficult to pass. If a legk is in the lower level of the hood, it
tends not to drift to the breething zone of a5 7" manikin.

So what happens when a human operator is a the hood and he/she fdls under the 5'7”
range?

Alternative Test Methodsfor Laboratory Fume
Hoods

From the aforementioned information, it is safe to conclude that face veocity is
not a safe method for performance testing in fume hoods. On the other hand,
ASHRAE 110 sounds good in theory, but the redity is that the test is too
expensve and time-consuming. Consequently there is a need for dternative
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tesing. The following is a brief explanation of tests that were given to me over
the course of my research assgnment.

User Tracer Gas Test. The User Tracer Gas Test is actudly a variation of the
ASHRAE 110-tracer gas test usng a human subject instead of the mannequin. In
the origind test procedure al facets of the ASHRAE-110 tests are followed. The
results of the mannequin tests were compared to that of the user tracer ges ted,
which in turn were compared to the smoke tests.

This user tracer gas test was performed with a human subject standing in front of
the hood making consstent, prescribed movements, such as extending both arms
into the hood and pulling them back out in one motion every 30 seconds. A
sampling line from the detector is atached to the shirt collar in the breathing zone
of the human subject. The gas test is peformed by rdeasng sulfur hexafluoride
a 4 L/min indde the hood from a 46-cm by 15-cm (18 inches by 6 inches)
rectangular diffuser. The concentration of the sulfur hexafluoride in the bresthing
zone is monitored for 5 minutes with an lon Track Instrument Modd 120
Leskmeter. The average and pesk concentrations of sulfur hexafluoride during the
5-minute tests are recorded by a data logger and used to indicate hood leakage.

This test may be a good indicator of fume hood performance, since it amulaes a
rel work environment phydcaly, unlike the manikin in the ASHRAE ted.
Further research is needed.

Air Monitoring Test. The Air Monitoring test is very Smple.  The downsde is
that it may take a few days. The procedure is as follows. Allow someone to wear
an ar-monitoring device in the bresthing zone while peforming work in the
hood. Evauate the contamination levels a various velocities.

In-Use Testing Procedure’®. This test is similar to the above user-tracer gas test.
SFs was used in the original study, but other vapors and detectors could be It was
desgned to assess fume hood peformance during norma  work activities.
subdtituted.It uses a hollow rectangle as a chdlenge ges diffuser to enclose the
work area and flood the live operator’'s hands and apparatus with tracer gas. The
operator conducts usua work activities. Escape of the chalenge gas is measured
in the operator’s breathing zone by a direct reading instrument. The perimeter of
the opening should be scanned to indicate the presence of lesks and to identify
practical solutions.,
Thismethod is practical for three reasons.

(1) thetechniqueiseaser and faster

(2) results are interpretative as a quantitative measure of protection, and

(3) it dlows use of an identical test method for establishing hood criteria

for rating hoods while engaged in routine operations

Dioctylphthalate (DOP) Test'!. DOP is a part of the NSF 49 test for Biological
Safety Cabinets used to simulate particles of less than 3 microns in Sze. A recent
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research sudy suggests that a more quantitative approach using the NSF 49
procedure might lead to a better understanding of fume hood limitations and the
evauation of exposure potentids to not only the fume hood worker but those
sharing the laboratory as wel.

The test proceeds in the following manner: A DOP aerosol generator
operated a 20 ps is connected to a metal canister 7 inches in diameter. The
caniger’'s open top is covered with 1 inch thick open cel foam to dlow a
relatively even discharge of agrosol in the geometric center of the fume hood
work zone, gpproximaing an aerosol emitting from a large besker in the hood
where the outer edge of the vessd was 10 inches behind the sash. DOP is
rdeased a 150 L/min. An agrosol photometer is employed to detect aerosol
escape from the face of the hood. At the fume hood's face opening, the
photometer probe is passed from Ieft to right across the plane of the face, one inch
in front of the opening in 1 inch wide rows from top to bottom and readings are
recorded. At the face opening a concentration reference point is recorded 4 inches
deep in the work zone in the center of the face opening. (See Appendix B-8)

Dry-lce Test. The Dry- Ice tedt is rdaively smple. All that is required is a
bucket of water and dry ice. After placing a bucket of water in the fume hood,
you drop in the ice. CO;, evolves and spills out of the container and onto the work
pane. You can see phydcdly if the hood captures well. There is a drawback,
however. Although the test is Smple, it is not very convenient to carry buckets of
water to each hood. There are dso burn hazards involved due to the freezing
temperature of thedry ice

NIOSH Method 1500'2. This is a test that was recommended by Mr. Coaimhin
Connell of CIH, Inc. The tes cdls for ar sampling pumps (eg. SKC Modd,
Gillian, MSA Personnd Pump), human subject, and NIOSH Method 1300
equipment. The test proceeds as follows:

Draw steady air stream for severd hours. Place a pump on the back of the human
subject. A NIOSH charcod tube extending from the pump should be attached to
the subject’s shirt collar.  Air should be drawn through the tube while the person
is working with an appropriate solvent and andyzing it. Another pump should be
placed at the exhaust and measurements should be taken. A third pump in the lab
as a blank.  Measure the evacutory volume of the fume hood. Measure the
concentration of contaminants in the exhaust ar dream. Caculate the total mass
baance of the fume hood and personne sampler on the collar. Cdculate the
protection factor.

According to Connell, this test is effective because it answers two questions: 1) Is
the employee protected? 2) Does the hood work effectively? Both questions are
answvered because the amount of contaminants released in the subject-bresthing
zone is measured as well the air stream emitted from the exhaust fume,
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Unfortunatdly, this test too seems time consuming and a bit complicated for my
taste, persondly.

Photo lonization Detector Test (PID). PIDs are used to monitor the amount or
concentration of toxic gas Many indudrid gpplications as wel as for utility
companies, fire fighterss and environmentad gpplications.  Environmenta
conaultants use PIDs to detect smdl traces of toxic gas, ingpect lesking
underground storage tanks, monitor hazardous waste, personng  monitoring,
confined space entry and as a survey instrument.

How A PID Works®: A PID recognizes concentrations of gases by using
ultraviolet light to ionize the gas sample (temporarily bresk apart the eectrons
from the molecule). A sensor then determines the concentration of the ges.
Although dl dements and chemicd compounds can be ionized, they differ in the
amount of energy required. Some materids lose eectrons, or are ionized,
relatively easily while others are not. The amount of energy required to displace
an dectron is cdled the ionization potentid (IP), and is measured in dectron volts
(eV). Each dement and chemica compound has its own IP; the lower the IP, the
lower the amount of energy required to ionize the materid.

Epibenzene, Xylene, or samilar gases could be reeased in the fume hood. Use
the PID to measure for leakage across the face and other probable places of the
hood.

COZ Test. The CO, tes is vary ample. A pam-sized CO, packet is placed
ingde the fume hood. As the CO; is emitted, an air monitoring device or wand is
used to capture and record the amount of spillage.

This test is ided in terms of expense, time, and probability. This makes the test
seem a very promising choice. However, the drawback to usng CO; is the chance
of producing erroneous vaues due to human contact. More research will have to
be doneinthisarea

(Note: There is a CO, Fogger on the market currently used n cleanrooms. See
Appendix B-9.)

Other Test Methods. “An Evduation of Four Quantitative Laboratory Fume
Hood Performance Test Methods’ by Lisa Woodrow, evaluates other testing
methods that were oncein use. Thesetests are:

(1) EPA Uranine Dye Test Method

(2) ASHRAE Freon Test (the predecessor to SFs. Freon can no longer be used
because of environmentd issues),
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(3) EPA SFo Tedt

(4) A modified EPA SFs test.

Conclusion......... and the Next Steps

Fume Hood Technology is a continuous study and more research will have to be
performed, specificdly in terms of peformance tesing. However, | beieve that the
fallowing conclusions are evident.
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Performance Specifications. Organizations respongble for sandards and regulations
must provide a clerer st of peformance specifications and requirements for fume
hoods.

Face Velocity. Face Veocity isnot agood indicator of fume hood containment.

Uniform Standards. Agreement on fume hood practices, testing, and common
operations is needed between standards committees.

L essexpensive, Less Elaborate Testing. Smple test procedures that effectively prove
contanment in an inexpensve and less time consuming fashion are needed. Apparently,
face velocity is not the answer.

In terms of the LBNL hood, more research must be performed in the following aress.

CO, Testing. More research is needed in this area. The test seems viable in terms of
atainability, time, and expense. The only problem is the human factor. Many of the
people that I've tlked with have fet that human contact would have too grest an effect
on the test results Continued communication with testing experts is needed. Get their
opinionson the CO, ideaand any dternative gases that they consder feasible.

PID Testing. This would be another good test direction to look into, since the concept is
gmilar to that of CO, testing. (See Appendix B-13)

Helium Testing. In a teephone conversation, Lou DiBerardinus suggested Helium
instead of CO,. Consider this area. There B a Heium Lesk Test Method for Indudtrid
Applications. (See Appendix B-12)

Cal-OSHA. At this time, there is no time period available as to when the petitions will be
consdered and decided upon. Therefore, someone should stay in regular contact with
Steve Smith, chief hygienist, and Bruce Wadlace, Standards Unit.

(Note: A copy of al contact information has been provided as wel as a copy of both
petitions (See Appendix A-7 and A-8))

ASHRAE. Someone should dso stay in regular contact with members of the ASHRAE
as they will be having a rewrite in the near future. From what | have been told, they will
be consdering face veocity, turbulence testing, and dynamic testing, among other things.
Gary Knutson will chair this committee,

Indugtrial Ventilation: A Manual of Recommended Practice. A letter should be

written to the Indugrid Ventilation Committee to find out about the Satus of the
upcoming rewrite duein 2001
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